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Abstract

Purpose: The role of regional nodal irradiation (RNI) for patients with breast cancer remains
controversial, particularly on the basis of nodal involvement. Using the National Cancer Database,
we aimed to validate published data on whether expanding treatment fields from whole-breast
irradiation (WBI) to encompass the regional nodes (WBIþRNI) affected overall survival (OS) for
patients with node-positive (pN1-3) or high-risk node-negative (pN0) breast cancer treated with
breast-conserving surgery and adjuvant chemotherapy.
Methods and materials: Women diagnosed with invasive breast cancer between 2004 and 2012
who met the selection criteria for the National Cancer Institute of Canada MA.20 trial were
identified and stratified by receipt of RNI. Propensity score matching was used to compare 1:1
matched pairs of patients. Five-year OS was estimated using the Kaplan-Meier method. We used
multivariate logistic regression to predict receipt of WBIþRNI and a multivariable Cox model to
examine associations between patients’ demographic, tumor, and treatment characteristics and OS
using double robust estimation.
Results: Of 23,567 patients, 6,920 (29%) received WBIþRNI and 16,647 (71%) WBI. Median
follow-up was 56 months. Use of WBIþRNI increased from 25.2% in 2004 to 32.2% in 2012
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(P < .001). Patients receiving WBIþRNI more often had negative hormone-receptor status, �5 cm
tumors and >1 involved node, and were not privately insured. For all patients, the 5-year OS rates
were 90.8% with WBIþRNI versus 92.6% with WBI (P < .001). In the matched cohort
(n Z 10,922), the corresponding 5-year OS rates were 92% and 91.9% (P Z .45), respectively.
On multivariate analysis, WBIþRNI did not affect OS in the matched cohort (hazard ratio,
1.02; 95% confidence interval, 0.89-1.17, P Z .76), regardless of pathologic nodal status.
Conclusions: In this large retrospective analysis, use of WBIþRNI did not affect 5-year OS rates
for women with high-risk, early stage breast cancer undergoing breast-conserving surgery and
adjuvant chemotherapy, regardless of nodal status, which confirms the findings of the MA.20 trial.
ª 2017 the Authors. Published by Elsevier Inc. on behalf of the American Society for Radiation
Oncology. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Breast cancer remains the most common cancer in
women, with over 246,000 new cases estimated annually
in the United States.1 Given this high incidence, clinicians
are constantly challenging standards of care in the hopes
of improving quality of life and survival. The traditional
treatment for most breast cancers is multimodality therapy
that consists of definitive surgery (ie, mastectomy or
breast-conserving surgery [BCS]), systemic therapy, and
radiation therapy.

For patients who undergo BCS, the benefit of whole-
breast irradiation (WBI) is uncontested, with an associ-
ated 50% reduction in disease recurrence and a reduction
in the breast cancer death rate of approximately one
sixth.2 Similar long-term survival benefits have been re-
ported for patients with significant or even low nodal
disease burden, defined as 1 to 3 positive regional lymph
nodes, who undergo postmastectomy radiation therapy.3

Although regional, undissected, draining lymphatics are
typically included in radiation target volumes after mas-
tectomy, whether regional nodal irradiation (RNI) had any
additional value for patients with early stage breast cancer
undergoing BCS remained largely unanswered and thus
prompted several large, randomized clinical trials.4-6

Of these trials, the National Cancer Institute of Canada
(NCIC) MA.20 trial randomized 1,832 women diagnosed
with early stage, node-positive (pN1-3) or high-risk node-
negative (pN0) breast cancer who had received BCS and
adjuvant chemotherapy into 2 radiation treatment groups:
WBI versus WBI with comprehensive RNI (WBIþRNI).
At 10 years, WBIþRNI was found to confer a significant
improvement in disease-free survival (DFS) from 77% to
82% (P Z .01) but no improvement in overall survival
(OS; 81.8% vs 82.8%; P Z .38).6 These results are
comparable to those of the European Organization for
Research and Treatment of Cancer (EORTC) 22922
clinical trial, which randomized the use of RNI for women
with either a central/medial primary tumor or an exter-
nally located tumor with axillary involvement treated with
BCS or mastectomy.4 Directly after the demonstration of
a DFS benefit from these studies, the National Compre-
hensive Cancer Network changed its recommendations
for patients with 1 to 3 positive axillary lymph nodes; it
removed the category 2b designation that was associated
with WBIþRNI and no longer left to physician discretion
the inclusion of internal mammary lymph nodes as a
target.7

One noteworthy limitation of the NCIC MA.20 trial
was that its conclusions were largely driven by node-
positive patients (n Z 1655) and therefore led to under-
powered subgroup analyses for those with node-negative
disease (n Z 177). In this retrospective study, we
hypothesized that a survival benefit may be evident in a
more modern and larger study population; thus, we
analyzed the National Cancer Database (NCDB) to
investigate the patterns of use and effect of WBIþRNI on
the survival of patients with breast cancer who met the
MA.20 selection criteria. We also hypothesized that a
difference in OS outcomes by radiation treatment tech-
nique (WBI vs WBIþRNI) might be evident from a
subset analysis of larger cohorts of patients with node-
positive and high-risk node-negative breast cancer.
Patients and methods

Patient selection and variables

The NCDB is a joint project of the Commission on
Cancer of the American College of Surgeons and the
American Cancer Society, which captures approximately
70% of all newly diagnosed cancer cases in the United
States from more than 1,500 facilities that are accredited
by the Commission. The database includes information on
patient demographics, tumors, and disease staging as well
as treatment details such as radiation therapy volumes and
doses, which are not available in other databases. The
current study sample was restricted to deidentified data
from the NCDB for women aged 16 years or older who
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were diagnosed with invasive, non-metastatic breast
cancer from 2004 through 2012.

Patient selection was strictly based on the entry criteria
for the NCIC MA.20 clinical trial (ie, patients who have
clinical T1-3 status, clinical N0-1 status, and pathologic
node-positive [pN1-3] disease and undergo a complete
axillary lymph-node dissection [ALND], defined as �10
lymph nodes examined). Alternatively, patients could
have pathologic node-negative (pN0) disease with high-
risk features. High-risk features for pN0 disease included
tumor �5 cm in diameter or tumor 2 to 4.9 cm in diameter
without a complete ALND and with either high-grade or
hormone (estrogen and progesterone) receptor-negative
status. Hormone receptor-positive status was defined as
having either estrogen or progesterone positivity. Infor-
mation with regard to lymphovascular invasion, a patho-
logic feature used in the NCIC MA.20 trial, was not
available and therefore not included. Human epidermal
growth factor receptor 2 status was available mainly for
patients who were diagnosed during or after 2010 when
its documentation became a requirement in the NCDB.

All patients underwent BCS followed by adjuvant
chemotherapy and radiation therapy to the whole breast
with or without RNI. Sequencing of multimodal therapy
was verified by comparing the individual start dates of
surgery, chemotherapy, and radiation therapy with the
date of diagnosis. WBIþRNI was defined as radiation
treatments consisting of photons, electrons, or both, given
with the intent of including regional lymph nodes in the
treatment field and delivered to a dose of 40 to 66 Gy.

The final cohort was meticulously screened to ensure
that the variables used in the selection criteria matched
other relatable clinicopathologic variables available in the
NCDB (ie, the variable pertaining to pathologic nodal
stage corresponded with the variable for the number of
positive nodes). Patients were then stratified into 2 treat-
ment groups depending on radiation treatment volume:
WBIþRNI or WBI only.
Statistical analysis

Patient and tumor characteristics and delivered therapy
were compared with c2 tests. A multivariate logistic
regression model was constructed with data from the entire
patient group (ie, the unmatched cohort) to predict the
likelihood of receipt of WBIþRNI. To reduce the influence
of selection bias,we conducted a propensity scoreematched
analysis to identify pairs of patients who were matched 1:1
according to the following covariates, which were used in a
multivariate logistic model to estimate propensity scores
using a 5-to-1 digit greedy match algorithm8: age at diag-
nosis, ALND, tumor size, hormone receptor status (positive
or negative), number of positive lymph nodes (0, 1, 2, 3, or
�4), Charlson Deyo comorbidity score, insurance status,
income, education, and year of diagnosis.
The primary outcome of interest was OS, which was
defined as the time from diagnosis to the time of death
or last contact. OS for patients who were alive at the
time of analysis was censored at the time of last contact,
and the Kaplan-Meier method was used to estimate 5-
year OS. With the propensity scoreematched cohort,
regression analyses of survival data on the basis of the
Cox proportional hazards model were done using double
robust estimation, and a stratified log-rank test was used
to evaluate the difference in OS with the matched pairs
as strata. Subset analyses were conducted with matched-
cohort patients who had either pN1-3 or high-risk pN0
disease. All data analyses were done with SAS, Version
9.4 (SAS Institute, Cary, NC) and S-plus, Version 8.04
(TIBCO Software Inc., Palo Alto, CA) statistical soft-
ware. Statistical significance was defined as a 2-sided
P value < .05.

Results

Patient and tumor characteristics

Inclusion criteria are summarized in the CONSORT di-
agram in Figure 1. The entire group consisted of 23,567
patients, of whom 29% (n Z 6,920) received WBIþRNI
and 71% (n Z 16,647) received WBI. The use of
WBIþRNI increased from 25.2% to 32.2% during the study
period (Fig 2; P< .001). The median age was 55 years, and
most patients were white, without comorbid conditions,
privately insured, and resided in urban areas. Onmultivariate
logistic regression, having hormone receptor-negative dis-
ease (odds ratio [OR], 1.17; 95% confidence interval [CI],
1.08-1.27; P < .001), tumor �5 cm versus <2 cm in
diameter (OR, 1.63; 95% CI, 1.31-2.02; P < .001), and
public versus private insurance (OR, 1.13; 95% CI,
1.05-1.22, P Z .001) were found to correlate with a higher
probability of receiving WBIþRNI. Moreover, the likeli-
hood of receiving WBIþRNI increased incrementally if the
patient had>1 positive regional node compared with having
pN0 disease (OR for 2 positive nodes, 7.9 [95%CI, 7-9]; OR
for 3 positive nodes, 14.2 [95% CI, 12.5-16.2]; OR for �4
positive nodes, 36.2 [95% CI, 31.8-41.2]).

To reduce bias, we identified 5,461 1:1 matched pairs
in our propensity scoreematched analysis for a matched
cohort of 10,922 patients (Table 1). Demographic
distributions were similar in this population by RNI
status. Most patients (97.3%) had tumors that were <5
cm. From a total of 834 patients, 7.6% had high-risk pN0
disease; of those with nodal involvement, 68.4% had pN1
disease.

Survival analysis

The median follow-up was 56 months. Survival curves
are shown in Figure 3. For all patients, estimated 5-year



Figure 1 CONSORT diagram.

Figure 2 Temporal trends in radiation treatment. WBI,
whole-breast irradiation; WBIþRNI, whole-breast irradiation
with regional nodal irradiation.
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OS rates were 90.8% for patients who received
WBIþRNI versus 92.6% for those who received WBI
(Fig 3A; P < .001). However, this difference in OS
became insignificant in multivariate regression analysis
after adjusting for other risk factors (hazard ratio [HR],
1.03; 95% CI, 0.92-1.16; PZ .61). Five-year OS rates for
the matched cohort were similar at 92% for WBIþRNI
and 91.9% for WBI (Fig 3B; P Z .45).

On multivariable analysis of the matched cohort
(Table 2), WBIþRNI was not found to be an independent
predictor of OS (HR, 1.02; 95% CI 0.89-1.17; P Z .76).
Older age, higher comorbidity score, negative hormone
receptor status, larger tumor size, increased number of
positive regional lymph nodes, higher tumor grade, and
having public insurance were found to negatively influ-
ence OS. Subset analyses on the basis of pathologic nodal
status showed similar results, with no significant influence
of WBIþRNI on OS in matched patients with either pN1-
3 disease (HR, 0.98; 95% CI, 0.85-1.13; P Z .75) or
high-risk pN0 disease (HR, 1.59; 95% CI, 0.96-2.67;
P Z .07). Although the independent predictors of OS in
the pN1-3 subgroup mirrored those of the overall
matched cohort, only hormone receptor status remained a
significant predictor of OS in the high-risk pN0
subgroup (Table 3).
Discussion

Although the long-term survival benefit of compre-
hensive radiation therapy, which encompasses undis-
sected regional lymphatics within the radiation fields,



Table 1 Patient characteristics

All Patients
No. (%)

% of All
Patients
Receiving
RNI

P Value No. of Matched
Patients (%)

% of Matched
Patients
Receiving RNI

P Value

Overall 23,567 (100) 29.4 10,922 (100) 50
Age at the time of diagnosis, y
<30 124 (0.5) 29 < .001 49 (0.5) 53.1 .22
31-40 1920 (8.2) 28.4 828 (7.6) 52.4
41-50 6255 (26.5) 28.6 2815 (25.8) 51
51-60 8157 (34.6) 28.3 3761 (34.4) 48.5
61-70 5510 (23.4) 31.1 2704 (24.7) 50.1
�70 1601 (6.8) 32.7 765 (7.0) 50.5

Race
White 18,825 (79.9) 29.5 .64 8830 (80.9) 49.8 .32
Black 3604 (15.3) 29.2 1631 (14.9) 50.2
Other 1138 (4.8) 28.2 461 (4.2) 53.4

Charlson Deyo comorbidity score
0 20,523 (87.1) 29.2 .22 9508 (87.1) 49.9 .85
1 2618 (11.1) 30.8 1225 (11.2) 50.7
2 426 (1.8) 30 189 (1.7) 50.8

Tumor size
<20 mm 7246 (30.8) 40.2 < .001 4695 (43) 50.2 .92
20-49 mm 15,674 (66.5) 24.1 5925 (54.3) 49.8
�50 mm 647 (2.7) 34.8 302 (2.8) 49.7

Tumor laterality
Right 11,607 (49.3) 29.8 .17 5442 (49.8) 49.6 .38
Left 11,960 (50.8) 29 5480 (50.2) 50.4

Tumor grade
Well differentiated 1964 (8.3) 37.7 < .001 1249 (11.4) 48.8 .79
Moderately differentiated 6842 (29) 39.5 4253 (38.9) 49.6
Poorly differentiated 14,061 (59.7) 23 5063 (46.4) 50.3
Undifferentiated/anaplastic 103 (0.4) 26.2 43 (0.4) 48.8
Unknown 597 (2.5) 36.7 314 (2.9) 55.7

Hormone receptor
Negative 7875 (33.4) 20.7 < .001 2550 (23.4) 49.8 .86
Positive 15,692 (66.6) 33.7 8372 (76.7) 50

Human epidermal growth factor receptor status
Negative 8279 (35.1) 32.9 < .001 3958 (36.2) 50.9 .07
Positive 1742 (7.4) 31.7 767 (7.0) 52.5
Unknown 13,546 (57.5) 26.9 6197 (56.8) 40.1

Pathologic node stage
N0 8394 (35.6) 5.1 < .001 834 (7.6) 49.9 .92
N1 11,340 (48.1) 35.4 7465 (68.4) 50
N2 2800 (11.9) 64.3 1920 (17.6) 49.7
N3 1033 (4.4) 65.1 703 (6.4) 51.2

No. positive nodes
0 8394 (35.6) 5.1 < .001 834 (7.6) 49.9 .97
1 6005 (25.5) 27.2 3134 (28.7) 50.4
2 3459 (14.7) 40.7 2683 (24.6) 49.8
3 1880 (8.0) 51.9 1650 (15.1) 49.3
�4 3829 (16.2) 64.5 2621 (24) 50.1

Year of diagnosis
2004 1340 (5.7) 25.2 < .001 558 (5.1) 51.8 .90
2005 1405 (6.0) 25.1 614 (5.6) 48.7
2006 1630 (6.9) 24.5 692 (6.3) 49.9
2007 2051 (8.7) 26.8 935 (8.6) 48.8
2008 3410 (14.5) 28.4 1617 (14.8) 49.2

(continued on next page)
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Table 1 (continued )

All Patients
No. (%)

% of All
Patients
Receiving
RNI

P Value No. of Matched
Patients (%)

% of Matched
Patients
Receiving RNI

P Value

2009 3850 (16.3) 28.8 1826 (16.7) 49.9
2010 3803 (16.1) 31.6 1888 (17.3) 50.6
2011 3245 (13.8) 33.6 1507 (13.8) 51.3
2012 2833 (12.0) 32.2 1285 (11.8) 49.6

Axillary lymph node dissection
No 8354 (35.4) 5.1 < .001 819 (8.0) 49.9 0.97
Yes 15,213 (64.6) 42.7 10103 (93.0) 50

Insurance type
Public 6520 (27.7) 32.3 < .001 3170 (29.0) 50.1 .94
Private 16,228 (68.9) 28.1 7469 (68.4) 49.9
Not insured 568 (2.4) 32.2 283 (2.6) 50.9
Unknown 251 (1.0) 28.3 d d d

Income level
<$30,000 2572 (10.9) 29.6 .13 1227 (11.2) 49.8 .45
$30,000-$34,999 3581 (15.2) 29.7 1744 (16.0) 48.3
$35,000-$45,999 6358 (27.0) 30.4 3049 (27.9) 50.5
$46,000þ 10,265 (43.5) 28.7 4902 (44.9) 50.3
Unknown 791 (3.4) 28.1 d d d

Facility type
CCP 4326 (18.3) 32.4 < .001 2094 (19.2) 53.5 < .001
CCCP 10,901 (46.3) 28.9 5134 (47.0) 49
Academic/research 6686 (28.4) 28.4 2989 (27.4) 48.6
Other 1654 (7.0) 28.2 705 (6.5) 52.5

RNI, regional nodal irradiation; CCP, community cancer program; CCCP, comprehensive community cancer program.
Bold denotes statistical significance with P < 0.05.

296 A.C. Moreno et al Advances in Radiation Oncology: JulyeSeptember 2017
has been validated through several high-quality studies
of women with stage III breast cancer,3,9-12 the use of
RNI for subgroups of women with stage I-II breast
cancer remains controversial. Part of the dilemma stems
from the substantial heterogeneity of this population,
which makes it difficult to properly assess and balance
their estimated recurrence risk after surgery and
systemic therapy with the potential benefit and
morbidity of RNI.
Figure 3 Kaplan-Meier 5-year overall survival estimates for (A) th
WBI, whole-breast irradiation; WBIþRNI, whole-breast irradiation w
The NCIC MA.20 clinical trial sought to address this
and supports the use of RNI in patients with node-positive
or high-risk, node-negative early stage breast cancer given
the significant improvement in 10-year DFS and limited
radiation-related toxicity. However, this optimization in
locoregional control failed to translate into a significant
OS benefit, although there was a trend toward improve-
ment with RNI. Moreover, the MA.20 trial comprised
1,832 patients, of whom only 177 had pN0 disease. This
e entire group and (B) the propensity scoreematched patients.
ith regional nodal irradiation.



Table 2 Multivariate analysis of the propensity
scoreematched cohort

Hazard Ratio
(95% Confidence
Interval)

P value

Radiation group
WBI only 1
RNI 1.02 (0.89-1.17) .76

Age group, y
�70 1
>70 1.75 (1.40-2.20) < .001

Race
White 1
Black 1.14 (0.95-1.36) .16
Other 0.55 (0.34-0.89) .02

CD comorbidity score
0 1
1 1.30 (1.06-1.59) .01
2 2.32 (1.64-3.28) < .001

Hormone receptor status
Positive 1
Negative 2.10 (1.80-2.46) < .001

HER status
Positive 1
Negative 1.69 (1.13-2.51) .01
Unknown 1.31 (0.89-1.93) .16

Tumor grade
Well differentiated 1
Moderately differentiated 1.26 (0.91-1.73) .17
Poorly differentiated 2.03 (1.47-2.78) < .001
Undifferentiated/anaplastic 3.39 (1.65-6.97) < .001

Tumor size
<20 mm 1
20-49 mm 2.1 (1.78-2.48) < .001
�50 mm 2.21 (1.53-3.18) < .001

No. positive nodes
0 1
1 1.26 (0.94-1.69) .12
2 1.76 (1.31-2.35) < .001
3 1.77 (1.30-2.42) < .001
�4 3.25 (2.48-4.26) < .001

Insurance
Private 1
Public 1.27 (1.08-1.50) .003
Not insured 1.28 (0.84-1.94) .26

CD, Charlson Deyo; HER, human epidermal growth factor
receptor status; RNI, regional nodal irradiation; WBI, whole-breast
irradiation.
Bold denotes a statistical significance of P < 0.05.
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led to inadequately powered subgroup analyses and raised
the question of whether a larger cohort was necessary to
discern significant differences in OS by subset. Our
retrospective analysis, based on a modern, matched cohort
of more than 10,000 patients, externally validates the
findings of the NCIC MA.20 randomized clinical trial in
that no survival benefit was seen with the addition of RNI
to WBI in this patient population.
Improved locoregional and distant DFS are other
meaningful endpoints that may translate into a systemic
benefit from nodal irradiation. The MA.20 trial did show
that WBIþRNI significantly improved the 10-year DFS
rate, at 82% compared with 77% for WBI (P Z .01).
These findings were comparable to those of the EORTC
22922/10925 trial, which reported a 10-year DFS rate of
72% with WBIþRNI versus 69% without WBIþRNI
(P Z .04). Therefore, it is reasonable to conclude that
reducing recurrence by using comprehensive nodal irra-
diation is a clinically relevant goal that should be dis-
cussed with every patient. Other pertinent patient and
tumor characteristics that were found to be associated
with poorer outcomes in the current study (eg, increasing
age, greater comorbidity, negative hormone receptor sta-
tus, larger tumors, higher tumor grade, or nodal involve-
ment) should also be considered in discussions of
treatment options.

In fact, WBIþRNI is now recommended in various
reviews and in national guidelines for reducing the risk of
locoregional failure, specifically for all patients with
node-positive disease.7,13,14 Traditionally, use of
WBIþRNI has been widely accepted for patients with >3
positive lymph nodes.15,16 However, the results of the
NCIC MA.20 and EORTC trials led to revisions in these
recommendations to include some patients with relatively
low nodal disease burden. In our matched cohort, more
than 90% of patients had node-positive disease and
underwent ALND. Approximately 24% of patients had
�4 positive nodes, which is a proportion that was
substantially higher than the 5% reported in the NCIC
MA.20 trial.

Surprisingly, in our study WBIþRNI was not associ-
ated with an observed survival benefit in the subset
analysis of patients with pN1-3 disease with either 1 to 3
positive nodes or �4 positive nodes. Despite this finding,
which was possibly influenced by uncontrolled clinico-
pathologic factors such as lymphovascular space invasion
and by limited follow-up time, the number of positive
nodes remained a significant independent predictor of
survival, as expected.17 Moreover, clinicians appear to be
mindful of the potential benefit of WBIþRNI because the
odds of receiving WBIþRNI were significantly increased
for patients who had >1 positive node.

For patients with pN0 axillary breast cancer, the risk of
internal mammary nodal involvement has previously been
reported to be approximately 4% to 9%.18-21 However,
this percentage, as well as the risk of locoregional failure,
may be greater when combined with several adverse
features, thereby arguing for a potential benefit of
WBIþRNI. In our study, 834 patients (7.6%) had high-
risk pN0 disease compared with 177 patients (9.7%) in
the NCIC MA.20 trial. However, whereas the NCIC
MA.20 trial results noted that WBIþRNI was associated
with a trend toward improved outcomes (HR, 0.79; 95%
CI, 0.61-1.02),6 our subset analysis showed the contrary



Table 3 Multivariate subgroup analysis of the propensity scoreematched cohort by pathologic nodal status

pN0 high risk pN1-3

HR (95% CI) P value HR (95% CI) P value

Radiation group
WBI only 1 1
RNI 1.59 (0.96-2.67) .07 0.98 (0.85-1.13) .75

Age group, y
�70 1 1
>70 1.95 (0.82-4.68) .13 1.7 (1.34-2.14) < .001

Race
White 1 1
Black 0.84 (0.45-1.58) .59 1.2 (0.99-1.44) .06
Other 0.18 (0.01-2.96) .23 0.61 (0.38-0.99) .05

CD comorbidity score
0 1 1
1 0.85 (0.36-1.97) .70 1.33 (1.08-1.64) .007
2 1.42 (0.27-7.64) .68 2.39 (1.68-3.4) < .001

Hormone receptor status
Positive 1 1
Negative 2.61 (1.39-4.90) .003 2.03 (1.73-2.39) < .001

HER status
Positive 1 1
Negative 1.60 (0.42-6.12) .49 1.68 (1.11-2.54) .01
Unknown 0.88 (0.26-3.25) .85 1.35 (0.9-2.01) .14

Tumor grade
Well differentiated NA 1
Moderately differentiated 1 1.23 (0.89-1.69) .21
Poorly differentiated 0.89 (0.42-1.89) .76 2.03 (1.47-2.79) < .001
Undifferentiated/anaplastic NA 3.02 (1.41-6.44) .004

Tumor size
<20 mm NA 1
20-49 mm 1 2.09 (1.77-2.46) < .001
�50 mm 1.01 (0.44-2.75) .84 2.21 (1.5-3.26) < .001

Insurance
Private 1 1
Public 0.83 (0.45-1.54) .56 1.32 (1.12-1.57) .001
Not insured 1.47 (0.40-5.42) .56 1.28 (0.83-1.99) .27

Pathologic node
N1 NA 1
N2 NA 1.75 (1.48-2.07) < .001
N3 NA 2.99 (2.46-3.65) < .001

CD, Charlson Deyo; CI, confidence interval; HER, human epidermal growth factor receptor status; HR, hazard ratio; NA, not applicable;
RNI, regional node irradiation; WBI, whole-breast irradiation.
Bold denotes a statistical significance of P < 0.05.
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(HR, 1.59; 95% CI, 0.96-2.67; P Z .07). This again may
reflect limitations in our study population with regard to
the effects of selection bias or the presence of high-risk
clinical features that are not standardly reported or
accessible via the NCDB. Conversely, it might indicate
that some patients with early stage breast cancer may
derive a marginal benefit from WBIþRNI.

As advancements in both surgical and nonsurgical
therapies continue, the quest remains for treatments that
have a low toxicity profile without compromising thera-
peutic benefit. Treatment of the axilla has been predomi-
nately surgical (ie, ALND), given its diagnostic and
therapeutic properties. However, the significant morbidity
of ALND, particularly lymphedema, has led to alternative
methods of managing the axilla, such as sentinel lymph
node dissection or axillary radiation therapy in select pa-
tients.22,23 Most of the women in our analysis fit what are
considered to be acceptable criteria for sentinel lymph node
dissection instead of ALND (T1-2 disease with 1-2 positive
sentinel lymph nodes, not treated with neoadjuvant
chemotherapy)7; thus, without a more nuanced character-
ization of the pathologic features of the patient population
in our study, it is possible that they required neither ALND
nor WBIþRNI. Indeed, a nuanced approach to electing for
WBIþRNI is indicated for patients with 1 to 3 positive
lymph nodes on the basis of published level I data.
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One of the primary advantages of the NCDB is the
ability to query data collected from nearly three-quarters
of patients with cancer within the United States. As is true
for all retrospective studies, however, this study had
several limitations. First and foremost, treatment selection
bias is difficult to control outside of the setting of a ran-
domized, double-blinded control trial. We used a pro-
pensity scoreematched analysis to reduce this bias, but in
return, we sacrificed half of the original cohort in our
matched pairs. Another major limitation was the lack of
information with regard to which locoregional nodal ba-
sins were included in the radiation fields. The NCDB
coding for WBIþRNI is dichotomous, which could lead
to variations in the WBIþRNI volumes that were treated
in our patients. Notably, during the time period examined,
the National Comprehensive Cancer Network guidelines
recommended that RNI include the internal mammary
chain lymph nodes only if these nodes were clinically or
pathologically involved. Otherwise, treatment of this
lymph node basin was left to physician discretion. Simi-
larly, patients who were coded as receiving only WBI
may have had radiation treatment of the low axilla, such
as through the use of high tangents, which would not have
been captured in the NCDB and could minimize even a
marginal benefit of WBIþRNI in this study.22 Lastly, we
were unable to further delineate the chemotherapy agents
that were used (or the number of cycles) or explore
meaningful events such as DFS, long-term cardiopulmo-
nary effects, or rates of lymphedema, all of which are of
particular concern given the implications of adding
WBIþRNI to multimodality therapy.

In conclusion, several clinical trials and reviews have
attempted to summarize the clinical implications of using
WBIþRNI in the management of early stage breast can-
cer.13,24-29 Our findings replicate the results of the NCIC
MA.20 randomized clinical trial in a larger cohort of
patients who were treated throughout the United States
and suggest that WBIþRNI as opposed to WBI conferred
no additional OS benefit at 5 years for women with either
node-positive or high-risk node-negative breast cancer
who received BCS followed by adjuvant systemic ther-
apy. Longer follow-up is required, and thoughtful patient
selection that is based on all existing data with regard to
RNI is recommended.
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